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Abstract 
This article describes a method for controlling of the input electrical products based on their magnetic characteristics. In the 
process of electrotechnical product manufacture, it is important to carry out a timely monitoring of faults occurring during the 
assembly of the finished device. The principal components method is used as a control algorithm which allows reduction of the 
dimensions of the input data making a sacrifice of an insignificant information. For the purpose of identification of the defect 
type, it is proposed not to analyze the curve in the coordinate system of the magnetic flux-current but to analyze the location of 
points in the r - dimensional coordinate system. The location of a specific point in space help one to judge about a particular 
defect of technical products. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
An important step in the process of production of electrotechnical products is to control the output of finished 
products. The characteristics of both the materials electrical products (electrical steel), as well as elements of 
finished devices vary from batch to batch and even within the Party itself. For example, all process steps performed 
on the electrical steel, the manufacture of the magnetic circuit cause the deterioration of its magnetic properties, 
which negatively affects the quality of the finished product. These factors are forced to design constructions with a 
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large margin, which not only increases the consumption of materials for manufacturing, but also impairs technical 
characteristics of the finished products. 
2. Principal component for control electrical products 
Let us analyze the process of production of electrotechnical products. Production scheme is shown in Fig. 1 [13, 
14, 15]. electrical steel sheets are subjected to machining (cutting, cutting, stamping). Next, the assembly of the 
magnetic cores. 
 
Fig. 1. Generalized scheme of production of electrotechnical products 
In parallel, manufactured housing, fasteners and cooling coils electrical products. Next, you laying in the winding 
magnetic core, their impregnation, assembly electrical products, then the preservation of finished products. 
After assembly, electrical products is carried out to control the output, allowing the culling devices that do not 
meet the specified requirements. 
To control electrical products is carried out to measure their mechanical properties, electrical and magnetic 
properties. Each of these characteristics requires a test of their funds. In [20, 21] proposed to use one integrated 
magnetic characteristic - veber-voltage characteristic of the electrical product cycle [9 - 12] (Figure 2.). 
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Fig. 2. Weber-ampere characteristic of the operating cycle of the electromagnet 
Such a generalized characteristic allows you to define the majority of faults electrotechnical systems [16-19]. The 
authors of these works by determining the location of "feature points" and by analyzing the shape of the weber-
ampere characteristic identify the form of marriage, but this approach requires significant computing resources. 
It is proposed to identify the type of defect not be analyzed curve in the coordinate system of the magnetic flux-
current, and the location of points in the r – dimensional coordinate system, where r It related to the number of 
possible defects d ratio d  2r- 1. 
The transition from the three-dimensional coordinate system to r – measuring can be performed using principal 
component analysis [1, 2, 4-7, 22]. 
For the implementation of the algorithm output control required (d+1) training sample products. Each d samples 
comprises q samples having the same type of defects, and one sample of conditioned products. 
In the first, preparatory stage, measurements of weber-ampere cycle characteristics q·(d+1) their transformation 
of samples and carried out in a two-dimensional r – dimensional coordinate system. The result is (d+1) cloud of 
points corresponding to the electrical product d the same type of defect, and one cloud of sub-standard products, 
each point represents the weber-ampere characteristic. then r – dimensional space construct r sharing (d+1) cloud 
planes. These planes divide r – dimensional space to 2r subdomains. Each subregion contains samples of the same 
type of product defects or conditioning. 
In the second, the operating stage, the dimension of the weber-ampere characteristics of the manufactured 
products and the conversion of these characteristics to the point in r – dimensional space. As a result, get a point 
cloud and analyze the location of its center, which should coincide with the center of the training conditional cloud 
products. Separate samples of the product will fall into the other subregions r – dimensional space that allows us to 
classify them as defective and to identify the type of marriage. 
In the event of sustained deviation from the specified process conditions, there will be a movement of the center 
of the cloud products. In the direction of movement of the center of the cloud, you can determine the nature of the 
technological production process violations. 
We conducted a series of experiments using the method of principal components, confirming the successful 
search for the required defect, an example of proportional solenoids DC. Investigated three defects (sticking anchor 
in the initial position, an incomplete operation and sticking anchor in the tripped position). To implement the 
method of principal components used Statistica package [8]. Figure 3 shows the results of the research groups of the 
same type of electrical products as the main component of the resulting space. On the x-axis reflects the values of 
the first principal component Z1, and the ordinate -second Z2 for each sample. 
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Fig. 3. Measured weber-ampere characteristics of electrical products in the space of the principal components 
Figure 3 shows that the measured weber-ampere characteristics of electrical products in the space of the principal 
components are a point of the two-dimensional space, and each defect is localized in a separate quadrant. The 
advantage of this approach can be considered that each defect has a polarity in the two-dimensional space (Table 1): 
sticking anchor in the initial position (Z1>0;Z2>0); incomplete operation (Z1<0; Z2>0); sticking anchor in the tripped 
position (Z1>0;Z2<0). This facilitates the search for defects and eliminates the build points in the space of principal 
components (see Table 1). 
Table 1. Signs of the principal components in space 
State electrical product The polarity of the first principal component 
Z1 
The polarity of the second principal 
component Z2 
No flaw <0 <0 
Sticking anchor in the initial position >0 >0 
Incomplete operation <0 >0 
Sticking anchor in the tripped position >0 <0 
 
To determine the possible source of electrical products defects need to determine the trend, according to which 
will move the clouds center manufactured products. To do this, you must build a trend line, and when it reaches a set 
limit to determine the stage of production, on which there was a particular defect. 
It is proposed to determine the possible source of electrical products defects using the following algorithm: 
1. First, experiments were conducted for the normal operation state of the electrical product without defects and 
with possible defects, as described above define the space coordinate system of the principal components. 
2. In accordance with the rules of verification efficiency of electrotechnical products, in times t1 and t2 
determined by the first two points of the space of the principal components with the coordinates f1=(Z11;Z21) 
and f2=(Z21;Z22). 
3. Determine the trend line and if necessary determined by the stage of production at which the defect occurred. 
If this is not required, proceed to step 4. 
4. In the subsequent time tn is controlled by another product and determine the next point of the space of the 
principal components with the coordinates fn=(Z1n;Z2n). Then proceed to step 3. and then determine the trend. 
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4. Conclusion  
The use of the described algorithm enables timely identification of possible sources of defects electrical products, 
to take measures for its elimination, which will reduce the number of rejects. 
Thus, we propose an effective method for the output process control using the method of principal components. 
The advantages of this approach are: simplicity, speed, low hardware costs in forecasting, acceptable for the process 
of production accuracy. 
The results obtained with the support of the grant RFBR ʋ 15-38-20652 «Development of the theory of 
predictive methods for sensorless control and diagnosis of electric drives" using equipment ɫenter for collective use 
"Diagnosis and energy-efficient electrical equipment" (NPI). 
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